EP 2 000 619 A2

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

9

(12)

(43) Date of publication:
10.12.2008 Bulletin 2008/50

(21) Application number: 08157480.8

(22) Date of filing: 03.06.2008

(11) EP 2 000 619 A2

EUROPEAN PATENT APPLICATION

(51) IntCl.:

EO05D 15/06 (2006-0) EO5F 15/14(2006.01)

(84) Designated Contracting States:
ATBEBG CHCY CZDE DKEE ES FIFR GB GR
HRHUIEISITLILT LULV MC MT NL NO PL PT
RO SE SI SK TR
Designated Extension States:
AL BA MK RS

(30) Priority: 05.06.2007 JP 2007149381

(71) Applicant: Aisin Seiki Kabushiki Kaisha
Kariya-shi, Aichi 448-8650 (JP)

(72) Inventors:
¢ Yamada, Katsuhisa
Kariya-shi Aichi 448-8650 (JP)
* Yamakawa, Yasuhiro
Ginza Chuo-ku Tokyo 104-0061 (JP)

(74) Representative: TBK-Patent
Bavariaring 4-6
80336 Miinchen (DE)

(54) Slide door apparatus for vehicle

(57) A slide door apparatus for a vehicle includes a
driving device (21) mounted to a slide door (20) and a
guide pulley unit (25) mounted to the slide door. The
guide pulley unit includes a plurality of guide pulleys (43,
44) each having first and second guide grooves (48a,
47a, 44b, 44a). The guide pulley unit further includes first
and second housing members (41, 42) for housing the
plurality of guide pulleys, and a separating member (45)

FIG.1
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provided between the first and second housing members
for separating the first and second guide grooves of each
of the plurality of guide pulleys. The slide door apparatus
further includes a cable (22, 23) connected to the driving
device and to a vehicle body. A first portion (22) of the
cable is disposed into the first groove of each of the plu-
rality of guide pulleys. A second portion (23) of the cable
is disposed into the second groove of each of the plurality
of guide pulleys.
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Description
FIELD OF THE INVENTION

[0001] The present invention generally relates to a
slide door apparatus for a vehicle.

BACKGROUND

[0002] One of slide door apparatus for a vehicle is dis-
closed in JP2003-82927A (hereinafter, referred to as ref-
erence 1), for example. The slide door apparatus for the
vehicle disclosed in the reference 1 includes a guiding
rail, which is provided at a vehicle body, and a slide door,
which is movably supported to the guiding rail and with
which a door opening formed at a side portion of the
vehicle body is opened and closed. The slide door incor-
porates therein a driving device including an electric mo-
tor, a drum, for example. Further, one end of a first cable
and one end of a second cable are connected to the
driving device. Still further, the first cable is provided from
the slide door to the vehicle body via one of intermediate
pulleys provided in the slide door and plural guide pulleys
of a guide pulley unit, and the second cable is provided
from the slide door to the vehicle body via another of the
intermediate pulleys and the plural guide pulleys. Then,
another end of the first cable is connected to the vehicle
body at a front side of the guiding rail and another end
of the second cable is connected to the vehicle body at
a rear side of the guiding rail. Each of the guide pulleys
of the guide pulley unit includes two groove portions,
which are arranged in parallel in an axial direction and
at which the first and second cables are separately dis-
posed, respectively. Thus, a path of the first cable and a
path of the second cable do not overlap each other.
[0003] Soconfigured,the slidedooris movedinaback-
ward direction, i.e., in a direction where the door opening
is opened, by unwinding the first cable and winding the
second cable, for example, by means of the driving de-
vice. Further, on the contrary, the slide door is moved in
a forward direction, i.e., in a direction where the door
opening is closed, by winding the first cable and unwind-
ing the second cable by the driving device.

[0004] The guide pulley unit includes a first housing
member and a second housing member for accommo-
dating the plural guide pulleys. The plural guide pulleys
are supported by pins, respectively, and one end of each
pin is secured to the first housing member and another
end of each of pin is secured to the second housing mem-
ber.

[0005] In such a state, when assembling the first and
second cables to the guide pulley unit, the plurality of
guide pulleys are disposed at corresponding predeter-
mined positions on the first housing member, for exam-
ple. Then, the second cable is disposed in one of the
groove portions of each guide pulley, which is adjacent
to the first housing member, so as to correspond to the
path of the second cable.
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[0006] Next, the first cable is disposed in the other one
of the groove portions of each guide pulley, which is away
from the first housing member (i.e., which is adjacent to
the second housing member), so as to correspond to the
path of the first cable. Then, the first housing member is
covered with the second housing member. The first and
second housing members are secured by means of the
pins, which are inserted through the corresponding guide
pulleys and of which ends are secured to the first and
second housing members. Thus, the guide pulleys, at
which the first and second cables are disposed, are ac-
commodated in a space defined by the first and second
housing members so as to be rotatable about the corre-
sponding pins.

[0007] When assembling the first and second cables,
the second cable may be disposed in the grove portion
where the first cable is to be disposed, and/or the first
cable may be disposed in the groove portion where the
second cable is to be disposed. Thus, a process for as-
sembling the first and second cables may not be properly
executed. Further, a process for preventing such assem-
bling mistake of the first and second cables may be com-
plicated.

[0008] A need thus exists for a slide door apparatus
for a vehicle, in which a cable for driving a slide door to
move is readily and appropriately assembled on a plu-
rality of guide pulleys of a guide pulley unit for guiding
the cable.

SUMMARY OF THE INVENTION

[0009] According to an aspect of the presentinvention,
a slide door apparatus for a vehicle includes a driving
device, aguide pulley unitand a cable. The driving device
is adapted to be mounted to a slide door supported by a
vehicle body for opening and closing an opening formed
at the vehicle body. The guide pulley unit is adapted to
be mounted to the slide door. The guide pulley unit in-
cludes a plurality of guide pulleys each having a first guide
groove and a second guide groove, which are arranged
axially in parallel to each other. The guide pulley unit
further includes a first housing member, a second hous-
ing member and a separating member. The first and sec-
ond housing members are employed for housing the plu-
rality of guide pulleys to be rotatable therein. The sepa-
rating member is provided between the first and second
housing members for separating the first and second
guide grooves of each of the plurality of guide pulleys.
The cable is connected to the driving device to be wound
to and unwound from the driving device. The cable in-
cludes afirst portion disposed into the first groove of each
of the plurality of guide pulleys and one end of the first
portion adapted to be connected to the vehicle body at
a first side in a moving direction of the slide door. The
cable further includes a second portion disposed into the
second groove of each of the plurality of guide pulleys
and one end of the second portion adapted to be con-
nected to the vehicle body at a second side in the moving
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direction of the slide door.

[0010] Further according to a second aspect of the
presentinvention, the slide door apparatus for the vehicle
further includes a guiding rail adapted to be mounted to
the vehicle body and a supporting member adapted to
be pivotably connected to the slide door and slidably guid-
ed by the guiding rail. The guide pulley unit is mounted
to the supporting member to guide the cable in accord-
ance with a pivotal movement of the slide door relative
to the supporting member by means of the plurality of
guide pulleys.

[0011] Due to the above described structure, when as-
sembling the cable to the plurality of guide pulleys of the
guide pulley unit, the guide pulleys are firstly disposed
at predetermined rotational positions on one of the first
and second housing members, for example. Then, a sec-
ond portion of the cable is disposed into the second
groove portion of each of the plurality of guide pulleys so
asto be disposed in a path of the second groove portions.
When the separating member is assembled on the guide
pulley unit under a state where the guide pulleys and the
second portion of the cable is assembled on one of the
first and second housing members, the second groove
portions of the guide pulleys, in which the second portion
ofthe cable is disposed, are separated from the first guide
grooves of the guide pulleys. Accordingly, the second
portion of the cable is prevented from being dislocated
out of the second groove portions of the guide pulleys by
means of the separating member. Further, even when
the second portion of the cable is dislocated without being
fitted into the second groove portions of the guide pulleys,
the second portion of the cable is prevented from being
fitted into the first groove portions of the guide pulleys by
means of the separating member. Then, in a state de-
scribed above, the first portion of the cable is disposed
into the first groove portions of the guide pulleys so as
to be fitted in a path of each of the first groove portions.
Herein, because the second groove portions of the guide
pulleys are separated from the first groove portions by
means of the separating member, the first portion of the
cable is prevented from being fitted into the second
groove portions by being dislocated out of the first groove
portions. Then, the other of the first and second housing
member is assembled on the one of the first and second
housing member to be covered, and an assembling proc-
ess of the cable to the guide pulley unit is completed. As
described above, because the first groove portions of the
guide pulleys are separated from the second groove por-
tions by means of the separating member, the cable is
readily and accurately assembled to the guide pulley unit.
[0012] Further according to a third aspect of the
present invention, the separating member includes a
body portion extending in a direction perpendicular to an
axial direction of the plurality of guide pulleys and a plu-
rality of leg portions extending from the body portion to
make contact with at least one of the first and second
housing member and supporting the body portion at an
axial position between the first and second guide grooves
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of each of the plurality of guide pulleys.

[0013] Due to the above described structure, the first
and second groove portions of each of the guide pulleys
are appropriately separated by the body portion of the
separating member including a simple structure, in which
the body portion is supported by the plural leg portions
at the axial position between the first and second groove
portions (i.e., an axially intermediate position between
the first and second groove portions).

[0014] Further according to a fourth aspect of the
present invention, the separating member includes an
arc portion extending from the body portion to surround
an entire circumference of at least one of the plurality of
guide pulleys to be supported at the axial position be-
tween the first and second grooves of the guide pulley.

[0015] Due to the above described structure, because
an entire circumference of one of the guide pulleys is
surrounded by the arc portion and the body portion of the
separating member at the axial position between the first
and second groove portions, the first portion of the cable
is restrained from being disposed into the second groove
portion, to which the first portion of the cable is not to be
fitted, along the entire circumference of the guide pulley.
In the same manner, the second portion of the cable is
restrained from being disposed into the first groove por-
tion, to which the second portion of the cable is not to be
fitted, along the entire circumference of the guide pulley.
[0016] Furtheraccording to a fifth aspect of the present
invention, one of the plurality of guide pulleys includes
first and second pulley members respectively including
the first and second guide grooves and arranged in par-
allel in the axial direction so as to be independently ro-
tatable from each other.

[0017] Due to the above described structure, one of
the guide pulleys includes the first pulley member includ-
ing the first groove portion and the second pulley member
including the second groove portion. The firstand second
pulley members are arranged axially in parallel so as to
rotate independently from each other. Therefore, a mov-
ing direction of the first portion of the cable disposed at
the first pulley member and a moving direction of the
second portion of the cable disposed at the second pulley
member are defined independently, so that a disposition-
al manner of the cable can be modified flexibly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing and additional features and char-
acteristics of the present invention will become more ap-
parent from the following detailed description considered
with reference to the accompanying drawings, wherein:
[0019] Fig. 1is a planar view illustrating a guide pulley
unit of a supporting member, according to an embodi-
ment of the present invention;

[0020] Fig. 2 is a cross sectional view illustrating the
guide pulley unit taken along line II-1l in Fig. 1;

[0021] Fig. 3is an exploded perspective view illustrat-
ing the guide pulley unit;
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[0022] Fig.4Aisanexplanatory viewillustrating a proc-
ess for structuring the guide pulley unit;

[0023] Fig. 4B is a perspective view illustrating an as-
sembled manner of the guide pulley unit;

[0024] Fig. 5 is a schematic view illustrating a slide
door apparatus for a vehicle according to the embodi-
ment;

[0025] Fig. 6 is a cross sectional view illustrating the
slide door apparatus for the vehicle;

[0026] Fig. 7 is a perspective view illustrating the slide
apparatus for the vehicle; and

[0027] Fig. 8 is a perspective view illustrating the slide
apparatus for the vehicle.

DETAILED DESCRIPTION

[0028] An embodiment of the present invention will be
described hereinafter with reference to the attached
drawings. Fig. 5 is a schematic view illustrating a slide
door apparatus for a vehicle according to the embodi-
ment. As illustrated therein, an upper rail 11 and a lower
rail 12 are provided at a vehicle body 10. More specifi-
cally, the upper rail 11 is provided along an upper edge
portion of a door opening 10a formed at a side portion of
the vehicle body 10. The lower rail 12 is provided along
a lower edge portion of the door opening 10a of the ve-
hicle body 10. Further, a center rail 13 is provided at a
quarter panel 10b disposed at a rear side of the door
opening 10a. The center rail 13, which serves as a guid-
ing rail, extends in a longitudinal direction of the vehicle.
Guide roller units 14, 14, 14, each of which serves as a
supporting member, are mounted to the upper rail 11,
the lower rail 12, the center rail 13, respectively. Then,
the slide door 20 is supported by the upper rail 11, the
lower rail 12 and the center rail 13 via the guide roller
units 14, 14, 14 so as to be movable in the longitudinal
direction of the vehicle. The door opening 10a is opened
and closed by the slide door 20 in accordance with a
longitudinal movement of the slide door 20. Further, a
cable guide 15, which extends along an entire length of
a lower edge portion of the center rail 13, is provided at
the vehicle body 10.

[0029] Adriving device 21is accommodated inside the
slide door 20 and is disposed at a lower portion thereof.
The driving device 21 includes an electric motor 21a and
a drum 21b. Further, one end of a first cable 22 (serving
as a first portion of a cable) and one end of a second
cable 23 (serving as a second portion of the cable) are
connected to the driving device 21 (the drum 21b). By a
movement of the driving device 21, one of the first and
second cables 22 and 23 is wound to the driving device
21 and the other one of the first and second cables 22
and 23 is unwound (reeled off) from the driving device 21.
[0030] The first and second cables 22 and 23 are dis-
posed from the slide door 20 to the vehicle body 10 via
an intermediate pulley 24 and a guide pulley unit 25. Fur-
ther, the first cable 22 is connected to the vehicle body
10 along the cable guide 15 in a front direction of the
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vehicle, and the second cable 23 is connected to the
vehicle body 10 along the cable guide 15 in a rear direc-
tion of the vehicle. Additionally, the intermediate pulley
24 and the guide pulley unit 25 are longitudinally dis-
posed, i.e., the intermediate pulley 24 is disposed at a
front side and the guide pulley unit 25 is disposed at a
rear side, at the vicinity of a door belt line. The guide
pulley unit 25 is assembled on the guide roller unit 14
which is provided at the center rail 13. The first cable 22
is guided by the cable guide 15 to be disposed at a front
side relative to the second cable 23, and another end 26
(serving as one end of the first portion) of the first cable
22 is connected to the vehicle body 10 at a front end
portion of the cable guide 15 (i.e., atafirst sideinamoving
direction of the slide door 20). The second cable 23 is
guided by the cable guide 25 to be disposed at a rear
side relative to the first cable 22, and another end 27
(serving as one end of the second portion) of the second
cable 23 is connected to the vehicle body 10 at a rear
end portion of the cable guide 15 (i.e., at a second side
in the moving direction of the slide door 20).

[0031] So configured, forexample, when the first cable
22 is reeled off from the driving device 21 (the drum 21b)
and the second cable 23 is wound to the driving device
21 (the drum 21b) by means of the movement of the
driving device 21 (the motor 21a), the slide door 20 is
moved backwardly, i.e., in a direction where the door
opening 10ais opened. On the other hand, when the first
cable 22 is wound to the driving device 21 and the second
cable 23 is reeled off by the movement of the driving
device 21, the slide door 20 is moved forwardly, i.e., in
a direction where the door opening 10a is closed.
[0032] A front end portion of each of the upper rail 11,
the lower rail 12 and the center rail 13 is gradually bent
towards a vehicle compartment. Therefore, an outer sur-
face of the slide door 20 is guided to make a substantially
planar surface with a side surface of the vehicle body 10
when the slide door 20, which is supported via the guide
roller units 14 of the upper rail 11, the lower rail 12 and
the center rail 13, is moved to a position where the door
opening 10a is fully closed (hereinafter, referred to as a
fully-closed position). Further, the slide door 20 is guided
further outwardly than the side surface of the vehicle body
10 when the slide door 20 is moved to a position for open-
ing the door opening 10a from the fully closed position
so that the slide door 20 is allowed to move at the rear
side of the door opening 10a without interfering with the
side surface of the vehicle body 10. The guide roller units
14 of the upper rail 11, the lower rail 12 and the center
rail 13 are pivotably movably connected to the slide door
20 so that the slide door 20 is guided to move by the bent
portions of the upper rail 11, the lower rail 12 and the
center rail 13.

[0033] Next, the center rail 13 and the guide roller unit
14 of the center rail 13, which relates to the guide pulley
unit 25, will be described in detail hereinafter. Herein, a
description of the guide roller units 14, 14 of the upper
rail 11 and the lower rail 12 will be omitted. As illustrated
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in Fig. 6, a recessed portion 10c is formed at the quarter
panel 10b. The recessed portion 10c, which is recessed
towards an inside of the vehicle, extends in the longitu-
dinal direction of the vehicle (i.e., in a direction perpen-
dicularly going into Fig. 6). The center rail 13 is disposed
in the recessed portion 10c of the quarter panel 10b. The
center rail 13, which extends in the longitudinal direction
of the vehicle, is formed in a U shape in cross section.
Further, a first roller guide 13a is formed at a lower wall
portion of the center rail 13, which extends towards the
outer side of the vehicle. Still further, a second roller guide
13b is formed by downwardly bending an end portion of
an upper wall portion of the center rail 13, which also
extends towards the outer side of the vehicle.

[0034] A bracket 20a is securely attached to the slide
door 20. The bracket 20 protrudes in an elongated form
towards the inside of the vehicle from an inner side sur-
face of the slide door 20. The guide roller unit 14 of the
center rail 13 is pivotably movably connected to the
bracket 20a about a pin 30 inserted through upper and
lower wall portions of the bracket 20a which face each
other.

[0035] As illustrated in Figs. 7 and 8, the guide roller
unit 14 includes a base plate 31, a road roller 32 and
vertical rollers 33 and 34. The base plate 31 includes a
plate body 31a, a standing wall potion 31b and a flange
31c. The plate body 31 a extends towards the inner side
of the vehicle (towards the center rail 13). A lower end
portion of the pin 30, which is inserted through the bracket
20a, is supported by the plate body 31 a. The standing
wall portion 31b is formed to stand from a front end of
the plate body 31a at the vicinity of the pin 30. The flange
31c is formed by bending an upper end of the standing
wall portion 31b so as to be in parallel with the plate body
31a. An upper end portion of the pin 30 is supported by
the flange 31c.

[0036] Further, the base plate 31 includes a recessed
portion 31d, whichis formedin a V shape in cross section
so as to be downwardly recessed at an intermediate por-
tion of the plate body 31a. Still further, as best shown in
Fig. 7, afirst supporting portion 31e is formed by upwardly
bending a longitudinally intermediate portion of an end
portion of the recessed portion 31d which is adjacent to
the center rail 13. Still further, a pair of second supporting
portions 31f are formed by bending longitudinally front
and rear side portions of the end portion of the recessed
portion 31d being adjacent to the center rail 13, respec-
tively, towards the inside of the vehicle. As illustrated
therein, the first supporting potion 31e is interposed be-
tween the pair of second supporting portions 31f. The
second supporting portions 31f extend to an inside of the
center rail 13. The road roller 32 is supported by the first
supporting portion 31e so as to be rotatable about a ro-
tational shaft extending in a direction towards the center
rail 13. Further, the vertical rollers 33 and 34 are support-
ed by the pair of second supporting portions 31f, respec-
tively, so as to be rotatable about corresponding rotation-
al shafts extending in a vertical direction of the vehicle.
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[0037] As illustrated in Fig. 6, the road roller 32 of the
guide roller unit 14 is supported to the first roller guide
13a of the center rail 13 in a state where the vertical
rollers 33 and 34 are rotatably movably mounted to the
second roller guide 13b. Thus, the vertical rollers 33 and
34 of the guide roller unit 14 is rotatably moved along the
second guide roller 13b of the center rail 13 and the road
roller 32 is rotatably moved along the first roller guide
13a, thus moving the guide roller unit 14 in the longitu-
dinal direction of the vehicle. Then, the slide door 20 is
moved in the longitudinal direction of the vehicle in ac-
cordance with the longitudinal movement of the guide
roller unit 14, thereby opening and closing the door open-
ing 10a of the vehicle body 10. An opened side (an outer
side) of the recessed portion 10c of the quarter panel
10b, which is provided with the center rail 13, is covered
with arail cover 35 which is made of metal material and/or
resin material.

[0038] Further, the guide pulley unit 25 is connected
to the base plate 31 at a lower side of the plate body 31a
by means of a connecting member such as a bolt. Still
further, an elongated opening 31 g (see Fig. 7) is formed
at the base plate 31 for preventing interference between
the base plate 31 and the guide pulley unit 25 at the
recessed portion 31d.

[0039] Next, the guide pulley unit 25 will be described
in detail hereinafter. Fig. 1 is a planar view illustrating the
guide pulley unit 25. Fig. 2 is a cross sectional view taken
along line II-1l'in Fig. 1. Fig. 3 is an exploded perspective
view illustrating the guide pulley unit 25. As illustrated
therein, the guide pulley unit 25 includes a housing 41,
a plate 42, plural guide pulleys 43 and 44 (two guide
pulleys in the embodiment) and a separating plate 45.
The housing 41 serves as a first housing member. The
plate 42 serves as a second housing member. The sep-
arating plate 45 (see Fig. 2) serves as a separating mem-
ber. The guide pulleys 43 and 44 are disposed in a man-
ner where a rotational axis of the guide pulley 43 and a
rotational axis of the guide pulley 44 are arranged in par-
allel with each other. Further, an axial central point of the
rotational axis of the guide pulley 43 and an axial central
point of the rotational axis of the guide pulley 44 are ar-
ranged on the same plane.

[0040] As illustrated in Figs. 1 and 3, the housing 41
includes a cover wall portion 41a and a pair of sidewall
portions 41b. The cover wall portion 41a extends along
the plate body 31a of the base plate 31 and formed ap-
proximately in an oval shape. The sidewall portions 41b
extend from longitudinally intermediate portions of the
cover wall portion 41a along lateral peripheral end por-
tions thereof, respectively. An opening 41c is formed be-
tween the sidewall portions 41b at one longitudinal side
portion of the cover wall portion 41a (longitudinally left
side portion in Figs. 2 to 4), and an engagement recess
41d is formed at an intermediate portion of the opening
41c. Further, engagement recesses 41e are formed at
the sidewall portions 41b, respectively.

[0041] With reference to Fig. 3, the plate 42 includes
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a bottom wall portion 42a, an engagement portion 42b
and a pair of engagement nails 42c. An outer shape of
the bottom wall portion 42a is substantially the same with
an outer shape of the cover wall portion 41a and extends
along the cover wall portion 41a. The engagement por-
tion 42b extends from one longitudinal side portion of the
bottom wall portion 42a (longitudinally left side portion in
Figs. 2 to 4) towards the cover wall portion 41a (i.e., to-
wards the housing 41) so as to be engaged to the en-
gagement recess 41d of the housing 41. The engage-
ment nails 42c are engaged to the engagement recesses
41e of the housing 41, respectively. Further, the plate
42d includes a pair of engagement portions 42d and a
pair of engagement portions 42e. Each of the engage-
ment portions 42d (only one is illustrated in Fig. 3) ex-
tends from the longitudinally left side portion of the bottom
wall portion 42a towards the cover wall portion 41a so
as to be fitted (engaged) to an end portion of the corre-
sponding sidewall portion 41b of the housing 41. Each
of the engagement portions 42e (only one is illustrated
in Fig. 3) extends from another longitudinal side portion
of the bottom wall portion 42a (longitudinally right side
portion in Figs. 2 to 4) towards the cover wall portion 41a
of the housing 41 so as to be fitted (engaged) to the end
portion of the corresponding sidewall portion 41b.
[0042] As described above, the engagement portions
42d and the engagement portions 42e are engaged to
the corresponding sidewall portions 41b of the housing
41, and the bottom wall portion 42a of the plate 42 is
assembled to the sidewall portion 41b. Further, the en-
gagement portion 42b is engaged to the engagement
recess 41d, and the engagement nails 42c are respec-
tively engaged to the engagement recesses 41e. Thus,
the plate 42 is connectedly assembled on the housing
41. Further, an accommodating space S (see Fig. 2) is
defined by the housing 41 and the plate 42.

[0043] As illustrated in Figs. 1 and 2, the guide pulley
43 is provided at a first longitudinal space (right space in
Figs. 1 to 4) in the accommodating space S. The first
longitudinal space is defined by a longitudinally right side
portion of the cover wall portion 41a and the longitudinally
right side portion of the bottom wall portion 42a and is
located adjacent to the bracket 2043, i.e., to the slide door
20 (see Fig. 6). The guide pulley 43 is supported to the
housing 41 and the plate 42 so as to be rotatable about
a pin 46 which is inserted through and connected to the
cover wall portion 41a and the bottom wall portion 42a.
The guide pulley 43 includes a pulley member 47 and a
pulley member 48, which are coaxially provided and al-
lowed to rotate independently from each other. The pulley
member 47 (serving as a second pulley) is disposed ad-
jacently to the cover wall portion 41a of the housing 41
and is provided with a groove portion 47a (serving as a
second groove portion). The second cable 23, which ex-
tends from the slide door 20 (from the intermediate pulley
24), is disposed in the groove portion 47a of the pulley
member 47. The pulley member 48 (serving as a first
pulley) is disposed adjacently to the bottom wall portion
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42a of the plate 42 and is provided with a groove portion
48a (serving as a first groove portion). The first cable 22,
which extends from the slide door 20, is disposed in the
groove portion 48a of the second pulley member 48. In
other words, the guide pulley 43 structured with the pulley
members 47 and 48 includes a pair of groove portions
47a and 48a, which are arranged in parallel in an axial
direction of the guide pulley 43 and to which the second
and first cables 23 and 22 are respectively disposed.
[0044] The guide pulley 44 is provided at a second
longitudinal space (left space in Figs. 1 to 4) in the ac-
commodating space S. The second longitudinal space
is defined by the longitudinally left side portions of the
cover wall portion 4 1 a and the bottom wall portion 42a
and is located adjacent to the center rail 13, i.e., to the
vehicle body 10 (see Fig. 6). The guide pulley 44 is sup-
ported to the housing 41 and the plate 42 so as to be
rotatable about a pin 49 which is inserted through and
connected to the cover wall portion 41 a and the bottom
wall portion 42a. The guide pulley 44 is provided with
groove portions 44a and 44b, which are arranged in par-
allel in an axial direction of the guide pulley 44. The sec-
ond cable 23, which extends to the vehicle body 10 (to
the cable guide 15), is disposed in the groove portion
44a, which is located adjacent to the cover wall portion
41 a of the housing 41. The first cable 22, which extends
to the vehicle body 10, is disposed in the groove portion
44b, which is located adjacent to the bottom wall portion
42a of the plate 42. The groove portion 44b of the guide
pulley 44 serves as a first groove portion and the groove
portion 44a serves as a second groove portion.

[0045] As illustrated in Fig. 6, the cable guide 15 is
arranged to downwardly extend from an end portion of
the first roller guide 13a of the center rail 13 so as to face
a radially outer side portion of the guide pulley 44, i.e., a
radially outer side portion being adjacent to the vehicle
body 10.

[0046] Back to Fig. 1, the first cable 22 is disposed at
arear side portion of the guide pulley 43 (the pulley mem-
ber 48) and a rear side portion of the guide pulley 44 and
is turned forwardly via the guide pulley unit 25. On the
other hand, the second cable 23 is disposed at the rear
side portion of the guide pulley 43 (the pulley member
47) and a front side portion of the guide pulley 44 and is
returned backwardly via the guide pulley unit 25. Accord-
ingly, the first and second cables 22 and 23 are guided
by the corresponding pulley members 48 and 47, each
of which rotate in a direction being opposite to each other,
and are guided by the rotation of the guide pulley 44.
Thus, one of the first and second cables 22 and 23 is
wound to the driving device 21 and the other one of the
firstand second cables 22 and 23 is reeled off (unwound)
from the driving device 21. The first and second cables
22 and 23 exhibit a shape of a "6" at the guide pulley unit
25 when seen in a planar view. Therefore, the first and
second cables 22 and 23 are guided by the guide pulleys
43 and 44 in accordance with a rotational movement (piv-
otal movement) of the guide roller unit 14 about the pin
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30 relative to the slide door 20.

[0047] Further, as illustrated in Fig. 2, a pulley protec-
tion plate 50 is provided between the cover wall portion
41a of the housing 41 and a surface of the guide pulley
44 facing the cover wall portion 41a. The pulley protection
plate 50 expands in a planar shape along the cover wall
portion 41a. A nail portion 50a is formed by bending an
end portion of the pulley protection plate 50, which is
adjacent to the guide pulley 43, in an L shape so as to
adjacently face the groove portion 48a of the second pul-
ley member 48. The pulley protection plate 50 scratches
off foreign objects, such as ice, attached to the groove
portion 48a of the second pulley member 48 by means
of the nail portion 50a.

[0048] As illustrated in Figs. 2 and 3, the separating
plate 45 is accommodated in the accommodating space
S. Further, the separating plate 45 includes a body por-
tion 45a and an arc portion 45b. The body portion 45a
includes an outer shape which is substantially the same
as the outer shape of the cover wall portion 41a while
not having a surface facing an axial end surface (circular
surface) of each of the guide pulleys 43 and 44. Further,
the body portion 45a expands in a direction perpendicular
to the axial direction of the guide pulleys 43 and 44. The
arc portion 45b extends from the body portion 45a. There-
fore, 45a and 45b surround an entire circumference of
the guide pulley 44. The separating plate 45 further in-
cludes leg portions 45c, 45d and 45e. The leg portion
45c is formed by bending an end portion of the body
portion 45a, which is adjacent to the guide pulley 43,
towards the cover wall portion 41a so as to contact with
the pulley protection plate 50 mounted on the cover wall
portion 41a. The leg portion 45d is formed by bending
the end portion of the body portion 45a, which is adjacent
to the guide pulley 43, towards the bottom wall portion
42a of the plate 42 so as to contact with the bottom wall
portion 42a. The leg portion 45e is formed by bending an
end portion of the body portion 45a, which is adjacent to
the guide pulley 44, towards the bottom wall portion 42a
of the plate 42 so as to contact the bottom wall portion
42a. The separating plate 45 is supported by the leg por-
tions 45c¢, 45d and 45e in the accommodating space S,
thereby retaining the body portion 45a and the arc portion
45b at an axial position between the groove portions 47a
and 48a of the guide pulley 43 and between the groove
portions 44a and 44b of the guide pulley 44. Thus, the
separating plate 45 separates the groove portions 47a
and 48a of the guide pulley 43, which are arranged axially
in parallel, and further separates the groove portions 44a
and 44b of the guide pulley 44, which are arranged axially
in parallel, by means of the body portion 45a and the arc
portion 45b. Thus, the separating plate 45 prevents the
first cable 22 and the second cable 23 from crossing each
other, or interfering with each other.

[0049] The separating plate 45 still further includes a
pair of engagement portions 45f and a pair of engage-
ment portions 45g. The engagement portions 45f (only
one is illustrated in Fig. 3) extend from the end portion
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of the body portion 45a, which is adjacent to the guide
pulley 43, towards the cover wall portion 41a so that one
of the engagement portions 45f is fitted to one of the
sidewall portions 41b and the other one of the engage-
ment portions 45f is fitted to the other one of the sidewall
portions 41b. The engagement portions 45g extend from
the end portion of the body portion 45a, which is adjacent
to the guide pulley 44, towards the cover wall portion 41a
so that one of the engagement portions 45g is fitted to
the end portion of one of the sidewall portions 41b and
the other one of the engagement portions 45g is fitted to
the end portion of the other one of the sidewall portions
41b. Thus, the engagement portions 45f and 45g of the
separating plate 45 are fitted to the corresponding side-
wall portions 41b, and the leg portion 45c of the separat-
ing plate 45 is arranged to contact the pulley protection
plate 50, thereby connecting the separating plate 45 to
the housing 41.

[0050] As illustrated in Fig. 4, the separating plate 45
assembled on the housing 41 structures an opening 51
from which the second cable 23 exits out of the guide
pulley unit 25, an opening 52 from which the first cable
22 exits out of the guide pulley unit 25, and an opening
53 from which both of the first and second cables 22 and
23 are inserted into the guide pulley unit 25. More spe-
cifically, the opening 51 is formed between the engage-
ment portion 42b of the plate 42 and one of the engage-
ment portions 45g of the separating plate 45. The opening
52 is formed above the other one of the engagement
portions 45g of the separating plate 45, which faces the
base wall portion 42a of the plate 42. The opening 53 is
formed between the pair of engagement portions 45f
which are fitted to the corresponding engagement por-
tions 42e fitted to the sidewall portions 41b of the housing
41. The opening 53 is widely opened in a circumferential
direction of the guide pulley 43. Therefore, the first and
second cables 22 and 23 are allowed to move in accord-
ance with a pivotal movement of the guide pulley unit 25
(the pivotal movement of the guide roller unit 14) about
the pin 30.

[0051] Thefirstcable 22, whichis disposed at the guide
pulleys 43 and 44, is lead into the guide pulley unit 25
from the slide door 20 through the opening 53 and is lead
out of the guide pulley unit 25 towards the vehicle body
10 through the opening 52. Further, on the contrary, the
first cable 22 is lead into the guide pulley unit 25 from the
vehicle body 10 through the opening 52 and is lead out
towards the slide door 20 through the opening 53. The
second cable 23, which is disposed at the guide pulleys
43 and 44, is lead into the guide pulley unit 25 from the
vehicle body 10 through the opening 51 and is lead out
towards the slide door 20 through the opening 53. Fur-
ther, on the contrary, the second cable 23 is lead into the
guide pulley unit 25 from the slide door 20 through the
opening 53 and is lead out of the guide pulley unit 25
towards the vehicle body 10 through the opening 51.
[0052] Thus, the firstand second cables 22 and 23 are
lead into and out of the guide pulley unit 25 through the
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openings 52 and 51 and then guided by the cable guide
15. Further, the first and second cables 22 and 23 are
lead into and out of the guide pulley unit 25 through the
opening 53 and then guided by an elongated casing 54
(see Fig. 7), which is attached to an inner side surface
of the slide door 20.

[0053] Herein, an assembling manner of the first and
second cables 22 and 23 on the guide pulley unit 25 will
be described with reference to Figs. 3and 4. Asiillustrated
in Fig. 3, when assembling the first and second cables
22 and 23 to the guide pulleys 43 and 44 of the guide
pulley unit 25, the guide pulleys 43 and 44 are firstly dis-
posed at predetermined rotational positions, respective-
ly, on the cover wall portion 41a of the housing 41. Then,
the second cable 23 is disposed into the groove portion
47a of the guide pulley 43 and the groove portion 44a of
the guide pulley 44 (i.e., the groove portions which are
adjacent to the housing 41) so as to be disposed (fitted)
in a path of each groove portions 44a and 47a. When the
separating plate 45 is assembled on the guide pulley unit
25 under a state where the guide pulleys 43, 44 and the
second cable 23 is assembled on the housing 41, the
groove portion 47a of the guide pulley 43 and the groove
portion 44a of the guide pulley 44 are separated from the
guide grooves 48a and 44b of the guide pulleys 43 and
44, in which the second cable 23 is disposed (fitted) (see
Figs. 2 and 4A). Accordingly, the second cable 23 is pre-
vented from being dislocated out of the groove portions
47a and 44a of the guide pulleys 43 and 44 by means of
the separating plate 45. Further, even when the second
cable 23 is dislocated without being fitted into the groove
portions 47a and 44a of the guide pulleys 43 and 44, the
second cable 23 is prevented from being fitted into the
groove portions 48a and 44b of the guide pulleys 43 and
44 by means of the separating plate 45. Then, in a state
described above, the first cable 22 is disposed (fitted)
into the groove portion 48a of the guide pulley 43 and
the groove portion 44b of the guide pulley 44 (i.e., the
groove portions which are away from the housing 41) so
as to be fitted in a path of each groove portions 48a and
44b. Herein, because the groove portions 47a and 44a
of the guide pulleys 43 and 44 are separated from the
groove portions 48a and 44b of the guide pulleys 43 and
44 by means of the separating plate 45, the first cable
22 is prevented from being fitted into the groove portions
47a and 44a by being dislocated out of the groove por-
tions 48a and 44b. Then, the plate 42 is assembled on
the housing 41 so as to cover the housing 41 (see Fig.
4B). Next, the guide pulleys 43 and 44 are securely con-
nected to the housing 41 and the plate 42 by means of
the corresponding pins 46 and 49, respectively, which
are inserted through the housing 41, the guide pulleys
43, 44, and the plate 42. Thus, the guide pulleys 43 and
44, at which the first and second cables 22 and 23 are
disposed, are accommodated in the accommodating
space S in a manner where the guide pulleys 43 and 44
are rotatable about the pins 46 and 49, respectively, and
an assembling process of the first and second cables 22
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and 23 of the guide pulley unit 25 is completed. As de-
scribed above, because the groove portions 47a and 44a
of the corresponding guide pulleys 43 and 44 are sepa-
rated from the groove portions 48a and 44b by means of
the separating plate 45, the first and second cables 22
and 23 are readily and accurately assembled to the guide
pulley unit 25.

[0054] As described above in detail, following effects
may be obtained according to the embodiment. Firstly,
because the groove portions 47a and 48a of the guide
pulley 43 are separated from one another and further the
groove portions 44a and 44b of the guide pulley 44 are
separated from one another by means of the separating
plate 45, the firstand second cables 22 and 23 are readily
and accurately assembled to the guide pulleys 43 and
44 of the guide pulley unit 25.

[0055] Secondly, according to the embodiment, the
groove portions 47a, 48a of the guide pulley 43 and the
groove portions 44a, 44b of the guide pulley 44 are ap-
propriately separated by the body portion 45a of the sep-
arating plate 45 including a simple structure, in which the
body portion 45a is supported by the plural leg portions
45c, 45d and 45e at an axial position between the groove
portions 47a, 48a of the guide pulley 43 (i.e., an axially
intermediate position between the groove portions 47a
and 48a) and at an axial position between the groove
portions 44a, 44b of the guide pulley 44 (i.e., an axially
intermediate position between the groove portions 44a
and 44b).

[0056] Thirdly, according to the embodiment, because
an entire circumference of the guide pulley 44 is sur-
rounded by the arc portion 45b and the body portion 45a
of the separating plate 45 at the axial position between
the groove portions 44a and 44b, the first cable 22 is
restrained from being disposed into the other groove por-
tion (the groove portion 44a), to which the first cable 22
is not to be fitted, along the entire circumference of the
guide pulley 44. In the same manner, the second cable
23 isrestrained from being disposed into the other groove
portion (the groove portion 44b), to which the second
cable 23 is not to be fitted, along the entire circumference
of the guide pulley 44.

[0057] Fourthly, according to the embodiment, the
guide pulley 43 includes the pulley member 47 including
the groove portion 47a and the pulley member 48 includ-
ing the groove portion 48a, the pulley members 47 and
48 which are arranged axially in parallel so as to rotate
independently from each other. Therefore, a moving di-
rection of the first cable 22 disposed at the pulley member
48 (first pulley member) and a moving direction of the
second cable 23 disposed at the pulley member 47 (sec-
ond pulley member) are defined independently, so that
a dispositional manner of the first and second cables 22
and 23 at the guide pulleys 43 and 44 can be modified
flexibly, i.e., the first and second cables 22 and 23 may
be guided to exhibit a shape of an"8" (as will be described
later), or a shape of a "6", for example.

[0058] Additionally, the above described embodi-
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ments will be modified as described hereinafter. Accord-
ing to the modified embodiment, the first and second ca-
bles 22 and 23 may be guided to exhibit a shape of an
"8" at the guide pulley unit 25 when seen in a planar view.
At this time, a center of the pivotal movement of the guide
roller unit 14 (i.e., the pin 30) relative to the slide door 20
may be arranged coaxially with the rotational center (the
pin 46) of the guide pulley 43. Then, the pulley members
47 and 48 of the guide pulley 43 may be integrally formed.
[0059] Further according to the modified embodiment,
the separating plate 45 may be provided with an arc por-
tion, which surrounds an entire circumference of the
guide pulley 43 together with the body portion 45a, at the
axial position between the groove portions 47a and 48a
of the guide pulley 43.

[0060] Further, the leg portion 45¢c of the separating
plate 45 may be arranged to directly contact the cover
wall portion 41a. Still further, the guide pulley 44 may be
structured with a first pulley member and a second pulley
member, which are arranged axially in parallel to each
other and are allowed to rotate independently from each
other.

[0061] Still further, more than three guide pulleys may
be provided at the guide pulley unit 25. Still further,
though two cables (the first and second cables 22 and
23) are employed according to the embodiment de-
scribed above, only one cable may be employed. In such
a condition, the first position of the cable corresponds to
the first cable and the end of the first portion corresponds
to the end 26 of the first cable 22. Further, the second
portion of the cable corresponds to the second cable and
the end of the second portion corresponds to the end 27
of the second cable 23.

A slide door apparatus for a vehicle includes a driving
device (21) mounted to a slide door (20) and a guide
pulley unit (25) mounted to the slide door. The guide pul-
ley unitincludes a plurality of guide pulleys (43, 44) each
having first and second guide grooves (48a, 47a, 44b,
44a). The guide pulley unit further includes first and sec-
ond housing members (41, 42) for housing the plurality
of guide pulleys, and a separating member (45) provided
between the first and second housing members for sep-
arating the first and second guide grooves of each of the
plurality of guide pulleys. The slide door apparatus further
includes a cable (22, 23) connected to the driving device
and to a vehicle body. A first portion (22) of the cable is
disposed into the first groove of each of the plurality of
guide pulleys. A second portion (23) of the cable is dis-
posed into the second groove of each of the plurality of
guide pulleys.

Claims

1. A slide door apparatus for a vehicle, comprising:

a driving device (21) adapted to be mounted to
a slide door (20) supported by a vehicle body
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(10) for opening and closing an opening (10a)
formed at the vehicle body (10);

a guide pulley unit (25) adapted to be mounted
to the slide door (20) and including a plurality of
guide pulleys (43, 44) each having a first guide
groove (48a, 44b) and a second guide groove
(48a, 44a) arranged axially in parallel to each
other, the guide pulley unit (25) further including
a first housing member (41) and a second hous-
ing member (42) for housing the plurality of
guide pulleys (43, 44) to be rotatable therein,
and a separating member (45) provided be-
tween the first and second housing members
(41, 42) for separating the firstand second guide
grooves (48a, 47a, 44b, 44a) of each of the plu-
rality of guide pulleys (43, 44); and

a cable connected to the driving device (21) to
be wound to and unwound from the driving de-
vice (21), the cable including a first portion (22)
disposed into the first groove (48a, 44b) of each
of the plurality of guide pulleys (43, 44) and an
end of the first portion (26) adapted to be con-
nected to the vehicle body (10) at a first side in
a moving direction of the slide door (20), the ca-
ble further including a second portion (23) dis-
posed into the second groove (47a, 44a) of each
of the plurality of guide pulleys (43, 44) and an
end of the second portion (27) adapted to be
connected to the vehicle body (10) at a second
sideinthe moving direction of the slide door (20).

2. A slide door apparatus for a vehicle according to
claim 1, further comprising:

a guiding rail (13) adapted to be mounted to the
vehicle body (10); and

a supporting member (14) adapted to be pivot-
ably connectedto the slide door (20) and slidably
guided by the guiding rail (13),

wherein the guide pulley unit (25) is mounted to the
supporting member (14) to guide the cable (22, 23)
in accordance with a pivotal movement of the slide
door (20) relative to the supporting member (14) by
means of the plurality of guide pulleys (43, 44).

3. A slide door apparatus for a vehicle according to
claims 1, 2, wherein

the separating member (45) includes a body por-
tion (45a) extending in a direction perpendicular
to an axial direction of the plurality of guide pul-
leys (43, 44) and a plurality of leg portions (45c,
45d, 45€) extending from the body portion (45a)
to make contact with at least one of the first and
second housing member (41, 42) and support-
ing the body portion (45a) at an axial position
between the first and second guide grooves
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(48a, 47a, 44b, 44a) of each of the plurality of
guide pulleys (43, 44).

4. A slide door apparatus for a vehicle according to
claim 3, wherein 5

the separating member (45) includes an arc por-

tion extending from the body portion (45a) to sur-
round an entire circumference of at least one of

the plurality of guide pulleys (43, 44) to be sup- 10
ported at the axial position between the first and
second grooves of the guide pulley.

5. A slide door apparatus for a vehicle according to
claims 1, 2, 3, 4, wherein 15

one of the plurality of guide pulleys (43, 44) in-
cludes first and second pulley members (47, 48)
respectively including the first and second guide
grooves (47a, 48a) and arranged in parallel in 20
the axial direction so as to be independently ro-
tatable from each other.
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